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Sympathetic Nervous System Reactivity in Women following 
Preeclamptic Pregnancies 
C.W. Usselman1,2, T.E. Adler1, C. Leone1, M.J. Paidas2,3, and N.S. Stachenfeld1,2
1The John B. Pierce Laboratory, 2Department of Obstetrics, Gynecology and Reproductive Sciences, 3Yale Women and 
Children’s Center for Blood Disorders, Yale School of Medicine, New Haven, CT
• Women who have had pregnancies complicated by 
preeclampsia (PE) have an increased incidence of 
cardiovascular disease later in life1. 
• The mechanisms which contribute to this elevated risk 
have yet to be established. 
• Sympathetic nervous system dysregulation may 
contribute to the pathology of PE during pregnancy2,3. 
• Therefore, we proposed that dysregulation within the 
sympathetic nervous system contributes to 
cardiovascular dysfunction following PE pregnancies.
Women who have had preeclamptic pregnancies are at risk for life-long cardiovascular disease. 
However, the factors contributing to this risk have yet to be established. Sympathetic nervous system 
dysregulation has been proposed to contribute to cardiovascular dysfunction during preeclamptic
pregnancies. Therefore, we examined muscle sympathetic nerve activity (MSNA) at baseline and 
during a chemoreflex stimulus in women 6-24 months postpartum following a preeclamptic pregnancy 
(PE; n=6, age 28±2 y, BMI 27±3 kg/m2, 17±4 months postpartum). We hypothesized that MSNA 
responses to apnea would be greater in PE relative to control subjects, that is, women 6-24 months 
following a healthy pregnancy and with no history of disordered pregnancies (HP; n=6, 31±6 y, BMI 
29±5 kg/m2, 17±4 months postpartum). Integrated MSNA recordings were obtained at baseline and 
during a voluntary end-inspiratory apnea. Baseline mean arterial pressure (MAP; 87±10 vs 95±10 
mmHg, P=0.2), total peripheral resistance (TPR; 13±3 vs 14±1 mmHg/L/min, P=0.4), and heart rate 
(HR; 74±5 vs 74±13, P=0.9) were similar in PE vs HP. Baseline MSNA was higher in PE compared to 
HP (26±9 vs 14±6 bursts/100heartbeats, P<0.01). The voluntary apnea was maintained for a similar 
duration in PE and HP (44±17 and 45±10 sec, P=0.9), without any difference in mean MAP (93±14 and 
99±11, P=0.4), TPR (14±4 and 14±2, P=0.6), or HR (74±8 and 81±22, P=0.5) between groups. To 
discern between mild and moderate phases of chemoreflex stress, the apnea was divided into initial 
(i.e. first half) and latter (i.e. second half) phases for subsequent analyses. The initial phase of the 
apnea elicited a large increase in MSNA in the PE women which exceeded that observed in HP (37±13 
vs 19±11, P=0.03, respectively). The peak sympathetic response observed in the latter half of the 
apnea was similar between PE and HP (56±21 vs 49±13 bursts/100hb, P=0.5). Thus, the sympathetic 
nervous system response to a mild chemoreflex stimulus is exaggerated in women who have had 
preeclampsia within the past 6-24 months relative to women without a history of preeclampsia.  We 
have demonstrated that a recent history of preeclampsia is associated with chronic sympathetic 
activation as well as greater sympathetic reactivity. We propose these changes to the sympathetic 
nervous system contribute to the life-long risk for cardiovascular disease in formerly preeclamptic
women. Funded by the Paul Titus Fellowship, Department of Obstetrics, Gynecology and Reproductive 




To compare baseline and reflex patterns of sympathetic 
nerve activity in women who have had either preeclampsia 
or normal healthy pregnancies. 
Both baseline MSNA and MSNA responses to voluntary 
apnea will be greater in women who have had 
preeclampsia relative to controls.
METHODS
n AGE (y) Months postpartum Height (cm) Weight (kg) BMI (kg/m
2)
CTRL 7 28 ± 2 15 ± 5 163 ± 5 73 ± 9 27 ± 3
PE 6 31 ± 6 17 ± 4 166 ± 8 81 ± 20 29 ± 5
P Value 0.4 0.4 0.4 0.3 0.4
TABLE 1: Participant characteristics
EXPERIMENTAL DESIGN:
 All tests started at 08:00 following 12 hr abstention from food, caffeine, alcohol, 
and strenuous exercise
 Tests conducted in early follicular phase of menstrual cycle (CTRL, n=5; PE, 
n=1), with the following exceptions:
• Oral contraceptive use (CTRL n=1; PE n=1); tests conducted in placebo phase 
• Amenorrhea/oligomenorrhea due to IUD (CTRL n=1; PE n=3) or polycystic 
ovary syndrome (PE n=1); tests conducted at participant’s convenience
 Baseline was assessed in the supine position for 5 minutes, followed by 
maximal voluntary end-inspiratory apnea
INSTRUMENTATION:
‒ MSNA: microneurography at the peroneal nerve
‒ Heart rate (HR): 3-lead electrocardiogram
‒ Mean arterial pressure (MAP): finger photoplethysmography (Finometer)
‒ Cardiac output (Q): ModelFlow algorithm (Finometer)
‒ Respiration rate (RESP): piezo-electric respiration transducer (Pneumotrace)
ANALYSES:
‒ Total peripheral resistance (TPR) = MAP/Q
‒ Statistics – unpaired T-tests (baseline); two-way split plot ANOVA (apnea)
‒ ANOVA interactions → Bonferroni correction for multiple comparisons
INCLUSION CRITERIA:
‒ Women aged 18-40 y, 6-24 months postpartum, no 
longer breast-feeding, non-smokers, without overt 
cardiovascular disease
‒ Recent history of preeclampsia (PE; n=6)
‒ Recent history of healthy pregnancy (CTRL; 
n=6)
 No history of disordered pregnancies
 Selected from a larger cohort to match PE 








responses were not 
different between CTRL 
and PE. Both groups 
demonstrated a pressor
response during the 
latter half of the apnea 
which was not observed 
during the initial half 
(P<0.01). This was 
mediated by an increase 
in TPR during in the 
latter half of the apnea 
(P<0.01). 
METHODS
 A recent history of preeclampsia is associated with heightened sympathetic responsiveness to
the initial phase of maximal end-inspiratory apnea.
• Our results are consistent with chronic sympathetic hyper-activity in women who have had PE.
• However, hemodynamics (e.g. blood pressure, heart rate) were not affected by recent history of PE.
• This implies that the potentially adverse effects of sympathetic hyper-activity are offset by reduced neurovascular 
transduction in this relatively young, non-hypertensive group of women with a recent history of PE.
• In the absence of this reduction in neurovascular transduction, high levels of sympathetic nervous system activity 
which follow a PE pregnancy would contribute to an increase in cardiovascular disease risk. 
Supported by The Paul Titus Fellowship, Department of Obstetrics, Gynecology 
and Reproductive Sciences, Yale School of Medicine
TABLE 2: Baseline hemodynamic and MSNA characteristics
RESULTS
RESPONSES TO END-INSPIRATORY APNEA:
 Duration of maximal voluntary apnea was similar between CTRL and 
PE (42 ± 12 versus 44 ± 16 s; P = 0.8).
FIGURE 1. Original data from a 
representative participant demonstrating 
the biphasic sympathetic response to 
maximal end-inspiratory apnea. This 
biphasic pattern was observed in all 
participants. As a result, in all analyses the 
apnea was divided into initial and latter halves. 
1. McDonald et al., Am Heart J 156(5): 918-930, 2008
2. Schobel et al., N Engl J Med 335(20): 1480-1485, 1996
3. Reyes et al., Hypertension, 2018 Mar 12 [epub ahead of 
print]
FIGURE 2. Relative 
changes in MSNA 
during apnea. Increases 
in MSNA during the initial 
phase of maximal end-
inspiratory apnea were 
greater in PE than CTRL 
(P<0.01, both burst 
frequency and incidence). 
Conversely, responses 
were similar between 
groups during the latter 
half of the apnea. 




















CTRL 94 ± 10 6.9 ± 0.7 13.8 ± 1.2 74 ± 13 18 ± 2 11 ± 5 16 ± 8
PE 87 ± 10 7.1 ± 2.2 13.0 ± 3.0 74 ± 5 15 ± 5 19 ± 6 26 ± 9
P Value 0.3 0.8 0.4 0.6 0.2 < 0.01 0.02
